Silent synapses persist into adulthood in layer 2/3 pyramidal neurons of visual cortex in dark-reared mice.
Immature excitatory synapses often have NMDA receptors but not AMPA receptors in central neurons, including visual cortical pyramidal neurons. These synapses, called silent synapses, are converted to functional synapses with AMPA receptors by NMDA receptor activation during early development. It is likely that this process underlies the activity-dependent refinement of neuronal circuits and brain functions. In the present study, we investigated postnatal development of excitatory synapses, focusing on the role of visual inputs in the conversion of silent to functional synapses in mouse visual cortex. We analyzed presumably unitary excitatory postsynaptic currents (EPSCs) between a pair of layer 2/3 pyramidal neurons, using minimal stimulation with a patch pipette attached to the soma of one of the pair. The proportion of silent synapses was estimated by the difference in the failure rate between AMPA- and NMDA-EPSCs. In normal development, silent synapses were present abundantly before eye opening, decreased considerably by the critical period of ocular dominance plasticity, and almost absent in adulthood. This decline in silent synapses was prevented by dark rearing. The amplitude of presumably unitary AMPA-EPSCs increased with age, but this increase was suppressed by dark rearing. The quantal amplitude of AMPA-EPSCs and paired-pulse ratio of NMDA-EPSCs both remained unchanged during development, independent of visual experience. These results indicate that visual inputs are required for the conversion of silent to functional synapses and this conversion largely contributes to developmental increases in the amplitude of presumably unitary AMPA-EPSCs.